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Abstract: Rowers’ anthropometric characteristics and flexibility are fundamental to increase stroke
amplitude and optimize power transfer. The aim of the present study was to analyze the effect of foam
rolling and static stretching on the range of motion over time. Eight university rowers (24.8 ± 3.4 yrs.,
height 182.3 ± 6.5 cm, body mass 79.3 ± 4.6 kg) participated in an alternating treatment design study
with two-way repeated measures ANOVA. The sit and reach test was used to measure the range
of motion. Both in the foam rolling and in the static stretching method, a pre-test (T0), a post-test
(T1), and a post-15-min test (T2) were performed. A significant effect was observed on the range of
motion over time (p < 0.001), but not for time x method interaction (p = 0.680). Significant differences
were found between T0 and T1 with foam rolling and static stretching (p < 0.001, d = 0.4); p < 0.001,
d = 0.6). The differences between T0 and T2 were also significant with both methods (p = 0.001,
d = 0.4; p < 0.001, d = 0.4). However, no significant difference was observed between T1 and T2
(p = 1.000, d = 0.1; p = 0.089, d = 0.2). Foam roller and static stretching seem to be effective methods to
improve the range of motion but there seems to be no differences between them.
Keywords: traditional rowing; flexibility; sports; performance
1. Introduction
Flexibility is the range of motion of a joint or set of joints and is influenced by their
component muscles, tendons, ligaments, and bones [1]. An improvement in flexibility
can lead to an increase in muscle extensibility, together with an increase in joint range of
motion [2]. Effective myofascial release, a limited and restricted fascia stretching technique,
is necessary to achieve an increased range of motion [3]. The fascia is the connective tissue
that surrounds muscles, nerves, and blood vessels, and connects the structures of the
body [4]. Myofascial release not only appears to increase range of motion and improve
muscle recovery, but it is also known to improve muscle performance both before and
after exercise [5]. Thus, increasing the range of motion in athletes of different sports is
very important for coaches and physical trainers, always keeping in mind the different
characteristics of the treatments depending on the type of exercise or sport [6].
Different methods have been used and investigated to increase joint range, such
as static stretching, a passive exercise in which a given posture is attained very slowly,
producing the sensation of muscular elasticity without inducing pain [2]. However, foam
rolling and manual massages seem to influence the manipulated muscle more directly.
Moreover, it appears to increase motor recovery with similar effects during warm-up and
post-exercise [7]. Foam rolling is a self-myofascial release method that consists of manual
therapy where the subject applies force on a foam roller [5]. The correct procedure is to
apply the foam roller from the origin to the insertion of the muscles to treat [8]. Several
studies have compared foam rolling and static stretching, as well as other myofascial
release methods [9], finding that foam roller yields a greater increase in range of motion
than static stretching and improves flexibility and recovery by reducing muscle pain [5].
Furthermore, foam rolling seems to improve muscle soreness and muscle function loss [10].
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Similarly, this technique seems to increase anti-inflammatory proteins, reduce proteins
that promote inflammation, favoring muscle recovery and better performance [11], and
increases blood lactate clearance, and leads to regenerate psychological characteristics
during short-term compacted tournaments [12].
The studies that have analyzed the effect of foam rolling on sports performance seem
to conclude that it yields small improvements in strength compared to static stretching [8],
which even can negatively influence maximal muscle strength and explosive strength
performance if it is done before exercise [13]. The use of foam rolling and the effect
of self-myofascial release in the range of motion in the subsequent muscle activation is
acutely enhanced without a deficit in muscle performance [14,15] and it also influences
the reduction of fatigue after exercise. Less fatigue can allow athletes to increase training
time and volume [16]. Furthermore, foam rolling does not induce meaningful strength
performance deficits and can be used to improve the extensibility of the muscles without
harm performance [17]. Some studies have shown that it can be a useful tool for athletes
of ballistics sports with stretch-shortening movement parameters [18] as in swimming,
cycling or rowing [19].
In rowing, there is a strong relationship between strength development and greater
performance [20]. This fact in combination with greater anthropometric characteristics of
rowers [21] are factors to increase stroke length and power. A rowing stroke is divided into
catch, drive, finish, and recovery [22]. For adequate length at the catch, rowers have to reach
out using arm length, body swing, and slide compression [23]. A greater range of motion
in rowing allows the flexion of the trunk during the stroke to achieve the correct degree
at the catch and also a greater stroke when the athlete enters the oar into the water [24].
The back muscles are relaxed to allow trunk flexion and the arms are stretched to achieve
greater stroke amplitude. The psoas and iliacus flex the pelvis and hips, aided by the rectus
femoris, to obtain the correct degree of trunk inclination [25]. The femoral biceps and the
gastrocnemius contract while the knees are semi flexed. Ankle dorsiflexion is produced by
the tibialis anterior.
Studies published to date have shown the influence of different myofascial release
techniques on the range of motion around specific joints or simple movements. However,
there is no scientific evidence of myofascial release on complex or multi-joint technical
sports gestures such as rowing. Rowers capable of reaching further in the catch will
produce longer strokes. It is therefore essential to determine which method yields the
greatest and most enduring increase range of motion to obtain optimal length stroke. In
this study, the static stretching and foam rolling methods were applied and assessed using
the sit and reach test to measure the muscles involved in the rowing stroke since this test
simulates the position of the rower in the catch. Thus, the aim of the present study was to
determine which method yields the greatest improvement in range of motion over time.
2. Materials and Methods
2.1. Participants
Eight university male rowers participated in the study (age: 24.8 ± 3.8 years, height:
182.3 ± 6.5 cm, and body mass: 79.3 ± 4.6 kg). The rowers had 2–4 years of experience and
all were attending six 2 h training sessions per week at the time of the study. The study
protocol conformed to the guidelines of ethical principles of the Declaration of Helsinki
and was approved by the Human Research Ethics Committee of the University of Alicante
(IRB UA-2020-07-21). Each subject signed a written informed consent before participation.
2.2. Procedure
An alternating treatment design was used to explore the alternation of two interven-
tions with different protocols to improve the range of motion focused on the comparison
of treatment condition outputs [26]. Data were collected on two different weeks, with a
rest week in between, on the same day, and at the same time of day (TOD) at 20:00 h to
minimize biological influence [27,28]. The same training load was also established in both
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intervention weeks without strenuous exercise and high-intensity physical activity was
not performed the previous 24 h. In the first week, participants performed one session of
flexibility with foam rolling; in the second week, participants carried out static stretching.
In both weeks, participants performed sit and reach tests before executing the exercises
(pre-test, T0) to confirm the repeatability of the protocol across two separate weeks [29].
The sit and reach test was used to measure the range of motion immediately after executing
the exercises (post-test, T1) and again after a 15 min recovery period (post 15-min test, T2).
In each case, subjects performed three trials and the best score out of three was used for
subsequent analysis. The sit and reach was used since this test simulates the position of the
rower in the catch (Figure 1).
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The participants used a bumpy foam roller with a diameter of 12 cm and a 5 mm
thick hollow plastic core covered with a 12 mm layer of dense foam. The protocol for
foam rolling was 3 sets of 2 s repetition duration for each exercise, with a total duration of
30 s per set [17]. One repetition of foam rolling intervention consists of one distal rolling
plus one subsequent proximal rolling movement [10]. The intensity with foam rolling was
determined by the subjects’ body weight as they used the foam roller, sliding it from the
origin to the insertion of the muscle [14]. The muscles involved in the intervention were
the gastrocnemius, hamstring, piriformis, lumbar and dorsal muscles.
The protocol for static stretching was 3 sets of 30 s for each exercise. Subjects were
instructed to reach a position in which they noticed a slight but comfortable stretch with
no pain. The muscles involved in the intervention were the same. The gastrocnemius
stretched standing facing a wall taking a step forward with the right foot, with both palms
on the wall, bending the right knee, leaning forward, and keeping the left leg straight and
the left heel on the floor. To stretch the hamstring the rowers sat on the floor with right
the leg extended in front and the left leg bent, to stretch forward with the right hand and
touching their right toes. The piriformis muscle was stretched lying on the back with both
feet flat on the floor, both knees bent, the ankle rest of the right leg over the knee of the left
leg and pulling the left thigh toward the chest. The lumbar stretch was performed lying on
their backs with their legs bent and knees pulled up to the chest. Finally, dorsal muscles
were stretched standing straight with the feet hip-width apart, reaching the right arm over
the head towards the left side while bending the side.
In both protocols each set lasted 5 min and 15 s. There was a 5 s rest to change
exercises and no rest between sets. The intervention in all muscles was unilateral except
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for the lumbar area. Rowers were supervised by the researchers to ensure the appropriate
execution in both protocols.
The protocol of sit and reach was as follows: participants sat barefoot with their legs
extended and the soles of their feet touching the box. If subjects bent their knees, the attempt
was considered invalid. To eliminate differences due to each subject’s anthropometry, the
modified sit and reach test was used [30]. In the initial position, subjects sat with a straight
back forming a 90 degrees angle to the hip. Their hands were placed one on top of the other
on the box at the starting point (position 0). The distance measured was the maximum
reached by the fingertips without separating the hands.
2.3. Statistical Analysis
Results were analyzed with Statistical Package for Social Sciences (SPSS v.26 for
Windows, SPSS Inc., Chicago, IL, USA). Descriptive analysis was performed by the mean
and standard deviation (SD) for all variables. The Shapiro–Wilk test was used to check
sample normality, resulting in normal distribution. A two-way repeated measures ANOVA
(T0, T1 and T2) was performed to compare differences between foam roller and static
stretching methods. Any significant F ratios were followed by Bonferroni’s post-hoc
analysis. Statistical significance was set at p < 0.05. The Cohen’s d was used as a measure of
the effect size of differences between T0, T1 and T2 and interpreted according to Cohen’s
thresholds: small (d < 0.3), medium (d = 0.3–0.4), large (d = 0.5–0.6), very large (d = 0.7–0.9)
and extremely large (d > 0.9) [31].
3. Results
The improvement reached in the range of motion between T0 and T1 was 3.2 ± 1.8 cm
with the foam roller. This increase was maintained after 15 min since the difference between
T0 and T2 was 3.3 ± 1.9 cm. The increase in range of motion between T0 and T1 was even
greater with static stretching, 5.4 ± 1.8 cm. However, there was a decrease in range of
motion in T2, 3.8 ± 2.1 cm (Figure 2).
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before intervention (T0), after intervention (T1) and after 15 min (T2). *: significant differences (p < 
0.05) between T0 and T1; †: significant differences (p < 0.05) between T0 and T2. 
Figure 2. Comparative effect of FR (foam rolling) and SS (static stretching) in range of motion (cm)
before intervention (T0), after intervention (T1) and after 15 min (T2). *: significant differences
(p < 0.05) between T0 and T1; †: significant differences (p < 0.05) between T0 and T2.
The two-way repeated measures analysis of variance revealed a significant main effect
on the range of motion. There was a significant increased over the duration of the study
(F (2,28) = 47.451, p < 0.001, η2 = 0.772). However, there was no significant interaction of
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the protocols and time factors in the range of motion (F (2,28) = 2.965, p = 0.680, η2 = 0.175).
The variations in the range of motion over time was not significantly different whether the
foam roller was used or whether static stretching was performed. There was no significant
main effect of protocol type on range of motion (F (1,14) = 0.323, p = 0.579, η2 = 0.023).
Post-hoc analysis revealed no significant difference in range of motion between pro-
tocols in T0 (p = 0.455, d = 0.4) (Table 1). Significant differences were found between T0
and T1 with foam roller and static stretching (p < 0.001, d = 0.4); p < 0.001, d = 0.6) and a
medium and large effect size was reported, respectively (Table 1). The differences between
T0 and T2 were also significant with foam roller and static stretching (p = 0.001, d = 0.4;
p < 0.001, d = 0.4), although this time a medium effect size was reported in both protocols.
However, no significant difference was observed between the T1 and T2 in any protocol.
The range of motion was maintained with foam roller (p = 1.000, d = 0.1) and the decrease
was not statistically significant with static stretching (p = 0.089, d = 0.2).
Table 1. Range of motion (ROM) performance across sessions and post hoc analysis of differences between tests.
T0 T1 T2 T0 vs. T1 T1 vs. T2 T0 vs. T2
ROM
(cm) 95% CI ROM (cm) 95% CI ROM (cm) 95% CI p p p
FR 23.6 ± 8.3 16.7–30.6 26.8 ± 8.2 * 19.9–33.6 26.9 ± 7.7 † 20.5–33.4 <0.001 1.000 0.001
SS 20.4 ± 8.6 13.2–27.6 25.8 ± 8.4 * 18.7–32.8 24.2 ± 8.9 † 16.7–31.7 <0.001 0.089 <0.001
T0: pre-test; T1: post-test; T2: post-15 min test; FR: foam rolling; SS: static stretching; ROM: expressed as mean ± SD; 95% CI: confidence
intervals; *: significant differences (p < 0.05) between T0 and T1; †: significant differences (p < 0.05) between T0 and T2.
4. Discussion
The aim of the present study was to determine which method yields the greatest
improvement in range of motion over time in rowers because a wider range of motion
allows the rower to perform a longer stroke in water [24]. The results of the present study
indicate on a descriptive level that static stretching yielded a greater increase in range of
motion immediately after the intervention (p < 0.001, d = 0.6) and 15-min after (p < 0.001,
d = 0.4). These results agree with previous research where static and dynamic stretching
have also been effectively increased in flexibility [32,33]. The greatest increase with static
stretching in our participants may be due to indirect involvement of the secondary mus-
culature around the stretched muscles. In contrast, foam rolling exerts a more localized
action, only involving a precise muscle. On the other hand, Su et al. [34] compared the
effects of different stretching methods and observed statistically significant improvements
in sit and reach with foam rolling compared to the other methods. This discrepancy may
be due to the different types of exercises performed and the results measured, rendering a
comparison of results difficult. However, static stretching before exercise can negatively
influence athletic performance [13] while foam rolling does not appear to induce deficits in
performance [17] and can be used to improve the extensibility of the muscles.
The use of foam rolling also induces significant increases in joint range of motion in
the result of the present study (T0 vs. T1: p < 0.001, d = 0.4; T0 vs. T2: p = 0.001, d = 0.4) and
the effect is comparable to stretching interventions [35]. Although the range of movement
was lower in rowers in the present study, the effect has lasted longer in time, while with
static stretching in the range decreased after the same time. However, this decrease was
small, and no significant differences were found. Foam rolling also appears to be an
effective strategy to obtain an acute improvement in flexibility and maintain the range of
motion. It seems a useful tool for athletes seeking an acute increase in range of motion
as part of a warm-up [36] and thus to prepare them for the subsequent rowing exercise.
These improvements may be due to changes in pain modulation systems, minimizing the
perception of pain and increasing tolerance to stretching [6]. However, it should be noted
that the difference in the range of motion between methods may be due to the type of
stretching employed, the duration of execution, the intensity applied in each method, or the
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muscle groups involved [8,9]. It is therefore advisable to control these aspects by designing
protocols, since in short and explosive exercises the foam roller can negatively influence
performance [37]. Thus, using a foam rolling during an active warm-up combined with
dynamic stretching can reduce muscle stiffness and increase the range of motion [38].
The results of the present study should be interpreted with caution due to the small
sample size and to the alternating treatment design of the study performed over two weeks
by the same subjects. In addition, the pressure on the foam roller varied depending on the
body weight and discomfort tolerance of each participant. Similarly, individual subjective
sensations have not been objectively controlled in static stretching. Furthermore, control of
the lumbar spine posture could offer very valuable additional information for the study.
The greater the hip flexion, the greater the potential output of the larger muscle groups [39].
Nevertheless, when the lumbar spine is flexed, the load is greater on the disc than on
the facet joints. It would be interesting to take this factor into account because in neutral
posture the loads are distributed between facets and disks for optimal mechanics and load
transfer [40].
Future research would be needed to explore the relationships between the variable
of this study and postural control to reduce the risk of injury as much as possible. Due
to the scientific scarcity and the controversy between the studies, future research should
analyze the effects of long-term use and its benefits. It would also be interesting to see how
a greater range of movement generated thanks to foam rolling can influence in a practical
way. The existing literature seems to conclude that there will not be a negative effect on
performance. Therefore, it would be interesting to analyze whether increasing the range of
motion favors a greater stroke range in the water, and also produces greater power.
5. Conclusions
The study compares the acute effect of two different protocols on the range of motion
in rowers by subjecting participants to an intervention with each method, one week apart.
The results demonstrate that static stretching and foam rolling significantly increased range
of motion, so both methods seem effective in increasing stroke range which is so important
in rowing. However, no significant differences were found between both treatments in
the acute effect on range of motion. Both methods can be considered to improve range of
motion but treatments have to be carefully designed so as not to affect performance, as has
been demonstrated in other studies with static stretching.
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